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摘  要 
固氮酶是某些微生物在常温常压下固氮成氨的催化剂，其催化作用机理和化学模拟
一直是国际上长期致力研究的对象。钼铁蛋白的单晶高分辨 X 光衍射分析表明，固氮












为配体，钼、钨为金属源，合成了一系列配合物 1-23: K2(NH4)2[(MoO2)4O3(Hcit)2]·5H2O 
(1), (NH4)4[(MoO2)4O3(Hcit)2]·8.5H2O (2), (NH4)5[(MoO2)4O3(Hcit)(cit)]·3H2O (3), 
(Him)3(NH4)3[(MoO2)4O3(Hcit)(cit)]Cl·2H2O (4), K2(NH4)4[(MoO2)4O3(cit)2]·7H2O (5), 
(Him)4(NH4)2[(MoO2)4O3(cit)2]·6H2O (6), K2[(MoO2)2O(H2cit)2]·4H2O (7), 
(NH4)3[(MoO2)2O(H2cit)(Hcit)] (8), 
(NH4)14{[(MoO2)2O(Hcit)2][(MoO2)2O(Hcit)(cit)]2}·14H2O (9), 
(NH4)11{[(MoO2)2O(cit)2H(cit)2O(MoO2)2]·4H2O (10), (NH4)6[(MoO2)2O(cit)2]·3.5H2O (11), 




K4[MoO2(S-Hmal)2][MoO2(R-Hmal)2]·4H2O (17), K4[(MoO2)4O3(R-cmal)2]·6H2O (18), 















K2[WO2(H2cit)2]·3H2O (21), (Him)10(NH4)2[(WO2)2O(Hcit)2]3·10H2O (22), 
(Him)8(NH4)13{[(WO2)2O(Hcit)(cit)H(cit)(Hcit)O(WO2)2][(WO2)2O(cit)2]2·14H2O (23)。主要
结果总结如下： 
1. 配合物 1-6，14，15，18-20 均为四核钼结构，中心金属钼与羟基羧酸配体（包
括柠檬酸、苹果酸、柠苹酸）的比例为 2：1。它们的配阴离子中都含有 4 个钼原子，2
个羟基羧酸配体，且配体均以α-烷氧基、α-羧基和β-羧基氧与钼配位，配位模式与四核
高柠檬酸钼配合物中的相同。配合物 7-12，16，22 和 23 均为双核钼（或钨）结构，钼
（或钨）与柠檬酸（或苹果酸）的比例为 1：1。其配阴离子中都含有 2 个金属原子和 2
个配体，且配体均以α-烷氧基、α-羧基和β-羧基氧与中心金属三齿配位。13 是单核柠檬

































Nitrogenase catalyzes the reduction of dinitrogen to ammonia in the process of biological 
nitrogen fixation. In the past few decades, its catalytic mechanism and chemical simulation 
have been widely studied. The high resolution (1.16 Å) X-ray structural analysis of the MoFe 
protein of nitrogenase reveals the iron molybdenum cofactor (FeMo-co) as a cage structure, 
MoFe7S9X(homocit) (X = C, N or O). The molybdenum atom is coordinated with three sulfur 
atoms, a nitrogen atom from histidine and two oxygen atoms from homocitrate. The 
homocitrate entity employs its α-alkoxy and α-carboxy oxygen atoms chelating to the 
molybdenum atom. The studies indicated that substitution of hydroxypolycarboxylic acids for 
homocitrate resulted in lower N2 reduction activity. However, it is still unknown for the role 
of homocitrate in substrate reduction in FeMo-co. Recent reference shows that potentially 
molybdenum and homocitrate are transferred into the NifEN protein in the last step. How do 
the molybdenum and homocitrate insert to the precursor cluster and how about the 
composition and structure of molybdenum-homocitrate system remain unclear. Thus, it is 
very important to investigate the chemistry of molybdenum and homocitrate. However, 
complicated synthesis and high price of homocitrate makes studies on molybdenum with 
homocitrate very difficult. Usually, hydroxycarboxylic acids such as citric, malic, lactic and 
glycolic acids are used instead of homocitrate in studies. 
Further investigations of α-hydroxycarboxylato molybdenum and tungsten species in 
solutions will be helpful to understand the coordinative environment of molybdenum in 
FeMo-co. In this dissertation, we have studied molybdenum and tungsten complexes 1-23 
with citric acid, malic acid and citramalic acid as ligands: K2(NH4)2[(MoO2)4O3(Hcit)2]·5H2O 
(1), (NH4)4[(MoO2)4O3(Hcit)2]·8.5H2O (2), (NH4)5[(MoO2)4O3(Hcit)(cit)]·3H2O (3), 
(Him)3(NH4)3[(MoO2)4O3(Hcit)(cit)]Cl·2H2O (4), K2(NH4)4[(MoO2)4O3(cit)2]·7H2O (5), 
(Him)4(NH4)2[(MoO2)4O3(cit)2]·6H2O (6), K2[(MoO2)2O(H2cit)2]·4H2O (7), 
(NH4)3[(MoO2)2O(H2cit)(Hcit)] (8), 
(NH4)14{[(MoO2)2O(Hcit)2][(MoO2)2O(Hcit)(cit)]2}·14H2O (9), 
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